During the past few years the authors have been interested in studying the effects of high centrifugal force upon the structure of various types of cells in both plants and animals (Beams and King, 1940). In the course of these investigations a large flagellated bacterium, Spirillum volutans, appeared among our cultures of protozoa. Because of its large size it was thought that this organism might prove to be valuable bacteriological material for cytological study, since a review of the literature on this subject disclosed it to be in a considerable state of uncertainty. In addition, to our knowledge, ultracentrifugal force has not been applied to bacteria with the view of studying its effects upon the cytology of these organisms.
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MATERIALS AND METHODS
Spirillum volutanrs appeared in a boiled wheat culture of mixed infusoria. The bacteria grew and multiplied rapidly when subcultured at intervals of about two weeks. Both normal and ultracentrifuged organisms were fixed in 100 per cent alcohol, Schaudinn's, Bouin's, Champy's and Regaud's solutions. They were stained in Heidenhain's hematoxylin, Delafield's hematoxylin, Regaud's hematoxylin, aceto-carmine, by Feulgen's method, in silver nitrate, in osmic acid and in nigrosin. In addition they were vitally stained by Janus green B, neutral red, methylene-blue and brilliant-cresyl-blue. They were also observed in the living unstained condition, in dark field and under polarized light; the microincineration technique was likewise carried out. The bacteria were centrifuged at 400,000 times gravity for 10 to 20 minutes in the air-driven ultracentrifuge developed by J. W. Beams at the University of Virginia, to whom we are indebted for having constructed the apparatus for us.
DESCRIPTION
Spirillum volutans is a large, quite rigid, corkscrew-shaped bacterium which is equipped with a group of flagella at each end ( fig. 1 ). It moves in a rather tight spiral, the movement appearing to be quite without jerkiness. There are numerous granules and vacuole-like inclusions in the protoplasm which appear highly refractive or dark, depending upon the focus at which they are observed ( fig. 4 ). Vital staining with nigrosin reveals these structures much more clearly than under ordinary unstained conditions ( fig. 6 ).
Due to their rigid covering, these organisms do not break up nor are they R. L. KING AND H. W. BEAMS centrated in the centrifugal "troughs" of the body: the centripetal "crests" being nearly optically homogeneous (figs. 1,2,3,5, and 7). In other forms, mitochondria (Beams and King, 1934) , chromatin (Beams and King, 1938) , plastids (Beams and King, 1935) and volutin (Patten and Beams, 1936) (Lewis, 1940) . From our studies we can only conclude that, in spite of their questionable reaction with the Feulgen method, they react to other chromatin stains (hematoxylin and aceto-carmine) more nearly like the chromatin of higher forms than any of the other granules demonstrated. On the other hand, hematoxylin is said to stain volutin (Taylor, 1937) and, as is the case with so many other staining reactions, it is not to be con-*sidered a specific stain for chromatin.
Following treatment of the living organism with Janus green B numerous small granules are also seen ( fig. 10 ). These appear to be more numerous than the ones demonstrated by the hematoxylin and aceto-carmine methods. They do not appear to be volutin granules and they react to Janus green B in much the same way as do the mitochondria in cells of higher organisms. However, we hesitate to claim them to be mitochondria dogmatically on the basis of their reaction to Janus green B alone, since it is well known that this stain, despite the claims of some investigators, is not a specific stain for mitochondria. With Regaud's method ( fig. 9 ) granules are demonstrated which appear much like those seen following Schaudinn's fixation and Heidenhain's hematoxylin staining.
Living organisms stained with methylene blue reveal granules which probably are volutin material ( fig. 11 ). Organisms fixed in Schaudinn's fluid and subsequently stained in methylene blue ( fig. 12 ) also show granules which appear to be somewhat larger than those stained vitally with methylene blue. However, the distribution of the two sets of granules is not unlike; so that they probably represent the same material, namely volutin (see Lewis, 1940 figure 2 apparently the "cell plate" has become sufficiently formed to prevent the passage of the centrifuged granules through it.
DISCUSSION
Good reviews of the nature of the chromatin material and the methods of division in bacteria are available and need not be repeated here (Guilliermond, 1907; Dobell, 1911; Lindegren, 1935; Stille, 1937; Knaysi, 1938;  Lewis, 1940; and Beebe, 1941) . Suffice to say that there are at present five views concerning the nature of the nuclear apparatus in bacteria as follows: (1) For Spirillum, Biutschli (1902) has described a "central body" as the nucleus. This central body is considered as the endoplasm by most other authors. Swellengrebel (1909) holds that the chromatin of Spirillum giganteum is present either as scattered granules in the protoplasm or in the form of diagonal and zig zag bands; a similar view is held by Dimitroff (1926) for Spirillum virginianum. Dobell (1911) found scattered chromidia in Spirillum monospora, a filamentous nucleus in a spirillum from the gut of lizards and a spherical nucleus in a spirillum from the large gut of the cockroach. Lewis (1940) holds that chromatin is not demonstrable in Spirillum volutans but must be present in the form of a naked gene string.
At first view the evidence reported here seems to support the idea that the chromatin in Spirillum is in the form of scattered discrete granules. However, it must be kept in mind that, in our hands the Feulgen method did not give sufficiently clear information for us to state that a positive reaction was obtained with any of the structures in Spirillum. We are well aware of the fact that a positive reaction with chromatin bodies, previously described as such (Nakanishi, 1901) , in other bacteria has been reported following the use of the Feulgen method (Stille, 1937; Piekarski, 1937 Pokrowskaja (1931) found that Pasteurella pestis living parasitically gave only a diffuse nucleal reaction while under saprophytic conditions a positive reaction was obtained for a "true" nucleus which divided amitotically. This is somewhat similar to the conditions described by Schaudinn (1902) who held that in Bacillus biitschlii the chromatin was differentially scattered in the vegetative cell but present as a "true" nucleus in the spores. Beebe (1941) has described the nucleus as a compact Feulgen-positive mass in Myxococcus xanthus. This nucleus breaks up into chromosomes during division and undergoes autogamy before spore formation and meiosis during germination of the spores.
The gene string theory of Lindegren (1935; see also Lewis, 1940) is, indeed, of great theoretical interest. However, there is little, if any, cytological evidence to support such a view; in fact there is an abundance of evidence to show that demonstrable chromatin is present in certain bacteria; a condition which would, if true, make the above theory redundant for those forms at least. As regards the various views listed above concerning the nature of the chromatin of bacteria, in general, it is entirely possible, it seems to us, that the state of the chromatin may differ in different forms of bacteria. Therefore, if this should be the case, efforts to generalize too broadly on this question from the condition found in any individual group of bacteria would be folly.
Evidence for the presence of mitochondria in Spirillum as indicated by the methods used to demonstrate them in higher organisms is also questionable. As mentioned before, Janus green B stains small granules which may or may not be mitochondria. Efforts to demonstrate the Golgi apparatus in these organisms using the osmic acid technique were in vain. Of course, this does not mean that it is not present, but only that it does not appear in the form characteristic of higher organisms. This is not surprising since in the protozoa and in plant cells in general, conflicting evidence for the presence or absence of Golgi material has been published.
In Heidenhain hematoxylin preparations, figures like those shown in plate 1 by Lewis (1940) are found. In addition to the darkly-staining granules many clear bodies are present which Lewis interprets as fat. The evidence presented in this paper cannot be easily brought to support this idea. The interpretation that these bodies are fat is based mainly on the fact that they stain with Sudan IV and Sudan black B. On the other hand our evidence, which indicates that they probably are not fat is based mainly on their reaction to centrifuging and their, general failure to reduce osmic acid. If our observation that all of the granules and vacuoles move to the centrifugal pole is correct, they cannot be intracellular fat because fat being lighter than protoplasm generally would move to the centripetal pole. It could be, however, that they represent reserve food material around whose periphery fat might collect and in which case they might be heavier than the surrounding protoplasm. In osmic acid preparations only a few of these bodies are darkened among many unstained ones. The former cannot be the fat bodies referred to by Lewis because of their relatively small number. Our interpretation is that these osmified vacuoles may be fat, vacuoles of some other kind or possibly even artifacts.
To our knowledge evidence as to the effects of high centrifugal force upon the cytology of bacteria has never previously been reported. From 
